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(57) Abstract 



In a radio system that employs frequency hopping (FH), access time delay is reduced, without compromising processing gain, by 
adding direct-sequence (DS) spreading to the system. This results in a hybrid FH/DS system, wherein the use of DS spreading permits 
a reduction in the number of hop frequencies used during start-up. Once synchronization is achieved, pure FH spreading, rather than the 
hybrid FH/DS spreading, along with a greater number of hop frequencies are used. 
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BACKGROUND 

The invention relates to radio systems that apply frequency hopping spread 
spectrum techniques, and more particularly to methods and apparamses for 
speeding up the frequency-hop synchronization between units of frequency 
hopping systems at the time of connection setup. 

In the last several decades, progress in radio and Very Large Scale 
Integrated circuit (VLSI) technology has fostered widespread use of radio 
communications in consumer applications. Portable devices, such as mobUe 
radiotelephones, can now be produced having acceptable cost, size and power 
consumption. 

Although wireless technology is today focused mainly on voice 
communications (e.g., with respect to handheld radios), this field will likely 
expand in the near fumre to provide greater information flow to and from other 
types of nomadic devices and fixed devices. More specifically, it is likely that 
further advances in technology will provide very inexpensive radio equipment 
which can be easily integrated into many devices. This will reduce the number of 
cables currently used for many applications. For example, radio communication 
can eliminate or reduce the number of cables used to connect master devices with 

their respective peripherals. 

The aforementioned radio communications will require an unlicensed band 
with sufficient capacity to allow for high data rate transmissions. A suitable band 
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is the so-called Industrial, Scientific and Medical aSM) band at 2.4 GHz, which is 
globally available. The ISM band provides 83.5 MHZ of radio spectrum. 

To allow different radio networks to share the same radio medium without 
coordination, signal spreading is usually applied. In feet, the Federal 
Communications Commission (FCC) in die United States currently requires radio 
equipment operating in the 2.4 GHz band to apply some form of spectrum 
spreading technique when the transmit power exceeds about OdBm. Spread 
spectrum communication techniques, which have been around since the days of 
World War II. are of interest in today's commercial applications because they 
provide robustness against interference, which allows for multiple signals to 
occupy the same bandwidth at the same time. 

Spreading can either be at the symbol level by applying direct-sequence 
(DS) spread spectrum techniques or at the channel level by applying frequency 
hopping (FH) spread spectrum techniques. In DS spread spectrum, the 
informational data stream to be transmitted is impressed upon a much higher rate 
data stream known as a signature sequence. Typically, the signamre sequence 
data are binary, thereby providing a bit stream. One way to generate this 
signature sequence is with a pseudo-noise (PN) process that appears random, but 
can be replicated by an authorized receiver. The informational data stream and 
the high bit rate signature sequence stream are combined to generate a stream of 
so-called -chips" by multiplying the two bit streams together, assuming the binary 
values of the two bit streams are represented by + 1 or -1 . This combination of 
the higher bit rate signal with the lower bit rate data stream is called spreading the 
informational data stream signal. Each informational data stream or channel is 
allocated a unique signature sequence. At the receiver, the same unique signature 
sequence is used to recover the underlying informational data stream signal. 

In frequency hopping systems, the spreading is achieved by transmitting 
the informational data stream over ever-changing radio frequencies. For each 
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communication, the particular frequencies used by both the transmitter and 
receiver are determined by a predefined frequency hop sequence. 

The use of frequency hopping is attractive for the radio applications 
mentioned above because it more readily allows the use of cost effective radios. 
5 However, FH systems are less appropriate when a comiection has to be established 
quickly. This is because, in order to cormnunicate, a FH transmitter and receiver 
must be hop synchronized so that both use the same hop chamiel at the same time. 
Prior to synchronization, the transmitter may have no knowledge of which hop 
channel the recipient will listen in on and when. During the synchronization 
10 process, the uncertainty in both time and frequency must be resolved. This 

problem becomes more difficult when the number of hop frequencies used in the 
FH system increases because when the number of frequencies in the 
synchronization procedure increases, the uncertainty m frequency increases and 
the amount of time required to establish synchronization will increase as well, thus 

15 delaying the access time. 

There is therefore a need for techniques to reduce the access delay in FH . 
systems such that the micertainty in time and frequency can be resolved quickly. 

SUMMARY 

The foregoing and other objects are achieved in methods and apparamses 
20 for use in communication systems. In accordance with one aspect of the 

invention, a hybrid frequency hopping/direct sequence spread-spectrum mode of 
communication is employed during starmp of a connection. Furthermore, a pure 
frequency hopping spread-spectrum mode of communication is employed during a 
connected mode of the connection. 

In another aspect of the invention, the chip rate utilized in the hybrid 
frequency hopping/direct sequence spread-spectrum transmission mode of 
communication is identical to a bit transmission rate used by the pure frequency 
hopping spread-spectrum transmission mode of communication. 



25 
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In still another aspect of the invention, a page message is sent by means of 
the hybrid frequency hopping/direct sequence spread-spectrum transmission mode 
of communication during startup of the comiection. In one embodiment, the page 
message may comprise a fixed chip sequence diat is unique to a radio unit being 
paged. In an alternative embodiment, the page message may comprise a fixed 
chip sequence that is common to all radio units in the radio system. 

In yet another aspect of the invention, a chip rate of the page message may 
be identical to a bit rate used during the pure frequency hopping spread-spectrum 
transmission mode of communication. 

In still another aspect of the invention, a sliding correlator may be used to 
despread the page message that is transmitted during starttip of the comiection. In 
some embodiments, the slidmg correlator may be implemented as a tapped delay 



line. 



In yet another aspect of the invention, a processing gain of the hybrid 
frequency hopping/direct sequence spread-spectrum transmission mode of 
communication may equal or exceed 17 dB. 

In still another aspect of the invention, the hybrid fi-equency hopping/direct 
sequence spread-spectrum transmission mode of communication used during 
stamxp of the comiection utilizes a first hop rate, and the pure frequency hopping 
spread-spectrum transmission mode of communication during a connected mode of 
the connection utilizes a second hop rate, wherein the first hop rate is a multiple of 
the second hop rate. 

In yet another aspect of the invention, the pure fi-equency hopping spread- 
spectrum transmission mode of communication utilized during a connected mode 
of the connection uses a hop sequence that comprises at least 75 hop frequencies. 

In still another aspect of the invention, the hybrid frequency hopping/direct 
sequence spread-spectrum transmission mode of communication used during 
startup of the comiection utilizes a first hop sequence; and the pure frequency 
hopping spread-spectrum transmission mode of communication used during a 
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connected „.ode of the connecaon uses , second hop sequence, whe^in .he firs, 
hop scuence co..is« of fewer hop f^encies .re defined by «.e second hop 

^"^m ye. anoter aspect of d.e invention, a ttansceiver noay be operated in a 
^ system by employing a hybrid fre,uency hopplng/direc. sequence spread- 
^etrummodeofcommunicationd^ingaflrstmodeofoperationona 

c^ntection; and employing a pOre fre<pency hopping spre^-spectrum n^odeof 
communication during a seco„i mode of operation of tite connection, wherem a 
first hop sequence for use byth. hybrid frequency hopping/direct sequence 
spread-spectrum mode of conunmtication consists of fewer hop Sequences U.n 
are defined by a second hop sequence for use by the pure frequency hoppmg 
spread-spectrum mode of communication. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

The objects and advantages of *e mvention will be understood by reading 

.be following detailed description in conjunaion witi, tite ' 
HG 1 is an example of traffic carrier allocation in 2.4 GHZ ISM band. 

HO. 2. is a schematic dUgram of a transmitter and receiver for a FH radto 

HG. 3. is an example of stanup carrier aUocatlon in ti.e Z.4 GHz ISM 
band in accordance with one aspect of the invention; 

HG. 4. is a block diagram of a sMmg correlator for despreading a page 
n^age in accordance witi, an aspea of the invention; 

FlG 5 is a schematic diagram of a tiansmitter and receiver for a DS/FH 

radio system used during starmp in accordance witi, an aspect o, the invention; 

FlG 6. is timing diagram showing the scan behavior of a DS/FH radto 
unit in standby mod. in accordance witi. aspect of the invenuon; 
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FIG. 7. is a timing diagram showing the transmit behavior of a DS/FH 
radio unit operating in page mode in accordance with an aspect of the invention; 



and 



HG. 8. is a timing diagram showing the information exchange that occurs 
durmg a page procedure in accordance with an aspect of the invention. 

DETAILED DESCRIPTION 

The various features of the invention will now be described with respect to 
the figures, in which like parts are identified with the same reference characters 
Smce the ISM bands at 900 MHZ and 2400 MHZ have been opened for 
commercial applications, many products have been introduced providing wireless 
communications in these bands. The usage of the band is restricted in the U S by 
the Part 15 rules of the FCC and in Europe by the ETS 300 328 of the ETSI In 
other countries Aroughout the world, similar rules apply, m short, the rules 
require the systems to spread their power over the band not only in order to 
spread interference at the transmit side, but also to obtam interference immunity at 
the receive side. Spreading can be obtained either by frequency-hop (FH) 
spreading or by direct-sequence (DS) spreading, each of which is a well known 
spreading technique in communications theory. Both spreading methods have 
then- merits and drawbacks. With the current state-of-the-art. FH spreading 
results in less-complex and cheaper radio transceivers than DS spreading. 

FH systems operating in the U.S. in the 2.4 GHz band are required to use 
at least 75 hop frequencies. Recently, a standard has been developed by the IEEE 
(namely, IEEE 802. 1 1) for use in Wireless Local Area Network (WLAN) 
applications. Both a FH version and a DS version have been defined. For the FH 
version, the ISM band at 2.4 GHz. which ranges from 2400 MHZ to 2483 5 
MHZ. is divided into 79 hop channels spaced at 1 MHZ intervals, as iUusfrated in 
FIG. 1. Two or more radio units that communicate, hop from one chamiel to 
another chamiel according to a pseudo-random hop pattern which is used by all 
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co^eaed radio uniu. As long as *e uni. »c hop syncteooized *e, ^« 
:::„.vuse*esan.c.a«...a»<.U„.s«,.co«^. A 

T for a radio ttansceiver used for a FH system is shown m HG. 2. The 
schematic for a radio iran ,tvi section 201 and the Receive 

various components shown in the transm.ss.on (TX) secwn 201 an 
rsecdon 203 are weU-^own, and need not he descrihed her. m ^. Of 

» — ^ " n 

CCsizer 207 to generate fre,u«»:ies in accordant with a part.c«.ar hop 
:~.rnseinmodulaaon/np^versio„anddem<.uiation,dow.^^^ 

Typicany , a PH radio unit operattng in starKlhy mode sleeps most o, the 
,„e Jperiodically ■ waites up- to listen on a certah. hop channel for a page 
IL,e Toohtainresistanceagatastjammers,thish„pcham.l.ch„^ 
iZtly a. each wa.e-up instant. A FH radio that wants to page another r^o 
m to set up a connection does not know when and on what cham»l the 
r:::: — up,s„i.hastose.i.pagemes..r^^ 

hop cl^nmels. There are many ^l^'' ^'-l' 
describe! h.U.S. Paten. Applica«on Ser«l No. O^'^^'^^^J 
Techmque of Cham.el Hoppmg Comm»ucations System, hy J.C. « a 
p W Den. med Decern.- 23, 1996; and U.S. Patent Appiicafon Sena. No. 
Ze^Z entitled "Access Technic^ of Channel Hopping Comm— 
Sylm ' C Haarts™. filed Octoher 9. 1998 (Auome, K-Ce. No. 04«.70- 
Zwhic are hoth herehy incorporated he«in hy referencc.io then entn^- 
Ztthods can, for example, he ..nnd in *e ffiEE S02.U W.AN stan^ ^ 
r^ss delay (e.g . the amount of time its takes to get ^«o umts «. opera, .n 
i::^roniIion> andthe effort to get two units hop synchrony -p«^ on 

. rZher of hop Channels. Decreasing the number of hop channels would 
' "eHdclay,huttherulesforoperatingh.,hehar.su— ly 
:::«U,e„sageofon.yasma,.amountofhopcha»e,s<.is.— 
number of hop channels that must be utili«d in the US accordmg to FCC part 



15). 
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However, reduction of the number of hop channels is allowed if the 
processing gain at the receive side can be obtained in some oflier way for 
example by DS spreading. A combination of FH and DS spreading is allowed as 
long as the combined processing gain is at least 17 dB. Such a hybrid system 
spreads its power by fu-st multiplying each bit with a high-rate chip spreading 
code, and then hopping from time to time to a new hop frequency. Since the 
number of hop chamiels is only an issue during startup (because after frequency 
hop synchronization has been established, the number of hop chamiels to spread 
over is immaterial), DS spreadmg is applied only during startup in order to permit 
a temporary reduction of the frequency hop spreadmg while stiU obtaining 
sufficient spreading gain to comply with the FCC rules. The reduced set of hop 
frequencies used during startup can be an arbitrary selection out of the 79 hops 
defined in FIG. 1. HG. 3 is an illustration of one such arbifrary selection. In this 
example, it is desirable to remain compatible with the hop allocation according to 
the ffiEE 802. 1 1 definition for FH systems. However, this need not be a 
limitation in all cases. In fact, a completely different set of hop chamiels can be 
defined in the 2.4 GHz band as long as the FCC part 15 rules are fizlfilled This 
selection can, for example, be based on an identity of a user or a network 
Alternatively, selection of a reduced set of hop frequencies for use during paging 
can be based on intelligently avoidmg jammers. For example, since microwave 
ovens operate in the region from about 2440 to 2480 MHZ, it may be 
advantageous to select the reduced set of FH chamiels from the lower end of the 
2.4 GHz band. 

During starmp. signaling is used between the transmitter and the receiver 
in order to get them hop synchronized with respect to one another. By choosing 
an mtelligem signaling scheme, the implementation of a complete DS spreader and 
despreader (including chip synchronization and tracking) can be avoided Since 
the extra DS spreading is only required dm-ing startup, the DS operation should 
preferably be compatible with the FH radio transceiver implementation. This can 
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be achieved by making the signaling rate during startup much lower than the data 
rate normally used in the FH transceiver. By considering the bits normally used 
by the FH radio as chips for the DS component, a processing gain is obtained by 
the difference between the chip rate and the signaling rate. This is accomplished 
5 as follows. 

During the startup, the paging unit transmits a page message in the form of 
a pseudo-random bit stream sent at the bit rate normally used in the connection 
mode (i.e., after the transmitter and receiver have hop synchronized with respect 
to one another). This page message forms the code of the DS radio transmission. 

10 The page message may be a fixed bit sequence, used by all radio units. 

Alternatively, it can be derived from an address of the unit (or the network) being 
paged. For example, each unit can have its own page sequence, and can be 
designed to respond only to this particular page sequence. As mentioned, the page 
message is sent at the bit rate that the FH radio normally uses. In the FH radio 

15 receiver, a sliding correlator is included that is matched to the code of the page 
message. A sliding correlator 400 can be built as a tapped delay line, as 
illustrated in FIG. 4. The delay line comprises a number, N, of series-connected 
delay elements 401, each delay element 401 introducing a delay of one bit 
duration (i.e., one chip duration for the DS component). Oversampling can be 

20 applied to obtain a higher time resolution. The delay line is tapped, and each tap 
is multiplied (e.g., by a corresponding one of N multipliers 403) by a 
corresponding one of N chip values, designated cO, cl, ... , cN-1. Each chip 
value takes on a value of +1 or -1. The tap outputs are accumulated in an adder 
405. When the contents of the delay line match the chip values at the taps, the 

25 output 407 generated by the adder 405 reaches its maximum. This causes the 
correlator 400 to trigger (e.g., by comparison of the output 407 with a 
predetermined value), thereby indicating that a signal with the appropriate 
(matching) code has been found. The correlator 400 effectively despreads the 
page message. 
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A preferred implementation of a FH radio transceiver 500 having a DS 
component for startup synchronization is shown in HG. 5. The transceiver 500 i« 
capable of paging another transceiver, and is also capable of being paged by 
another transceiver. 

During paging, a paging unit (not shown) provides a fixed bit (i e chip) 
sequence 501 to the transmitter 503 . The sequence 501 may be a fixed page code 
that IS useful for paging any unit, or it may alternatively be a specific code for 
pagmg only a single unit (or a group of units). The sequence 501 is transmitted 
over the reduced set of FH chamiels, as explained earlier. The combination of 
reduced fi-equency hopping and dnect sequence spreading provides the necessary 
processmg gain to satisfy the applicable broadcast standards. 

When the transceiver 500 is in standby mode, it sleeps most of the time 
and wakes up periodically to listen on a certain hop chamiel for a page message' 
As mentioned earlier, the particular wake-up hop frequency preferably changes 
with each wake-up period, and in accordance with the invention is selected from 
the reduced set of FH chamaels that are used during pagmg operations. The 
transceiver 500 in standby mode correlates the received input data at the bit (i e 
chip) rate in the sliding correlator. When the output of the correlator 400 exceeds 
a certain value, the resultant triggering indicates to the fransceiver 500 that it has 
been paged. The transceiver 500 may then return an acknowledgment to the 
pagmg unit. 

The operation of the paging procedure is further illustrated in HGS 6 - 8 
The reader is also referred to the several applications, each entitled "Access 
Technique of Chamiel Hopping Communications System, " mentioned and 
incorporated by reference above. A unit in standby mode wakes up after eve^^ 
time interval T_sleep and listens on a single hop frequency for a time duration 
designated T_scan. During each wake-up event, another hop frequency is selected 
from the reduced set of wake-up frequencies, as shown for example in FIG 3 
When the unit listens, all input signals are routed to the coirelator 400 where the 
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unit tries to match the input bit stream to the expected page message. If the 
correlator does not trigger during the scan period, the radio unit returns to sleep. 

In order to increase the likelihood of synchronizing with the standby unit, 
the paging unit transmits the page message (which, in order to keep the 

5 complexity of the correlator low, can be quite short, for example, 64 bits or chips) 
sequentially at each of the various wake-up hop frequencies, as illustrated in FIG. 
7 for the case of M hop frequencies used during paging. For this paging activity, 
the hop rate of the transmitter is increased such that many hop frequencies are 
visited during the Tuscan period. Because the standby unit listens in on only one 

10 hop frequency during any one T scan period, the paging unit's use of many hop 
frequencies during this same interval increases the probability that the paging unit 
will be heard by the standby unit. In order to ease implementation, the paging 
hop rate is preferably a multiple of the hop rate used during the connection mode 
when only FH is applied. 

15 The paging is continued until either the recipient responds or a timeout is 

exceeded. In order to know whether the recipient has received the page message, 
the paging unit must repeatedly listen as well. In a preferred embodiment, DS 
spreading is used in the response message as well. This is accomplished by using 
a spreading code for both paging and responding. As shown in FIG. 8, when the 

20 recipient has received the page message (step 801), it returns a response message 
(step 803) which is correlated in the paging unit preferably by means of the same 
techniques as are used by the recipient to correlate a received signal with the 
paging message. Although this need not be the case in all embodiments, the 
contents of the response message can even be identical to the contents of the page 

25 message. After the transmission of each page message the paging unit listens at a 
corresponding frequency for a response message. For example, as shown in FIG. 
8, after transmitting a page message on the frequency corresponding to hop the 
paging unit listens for a response on a corresponding frequency specified by hop 
m. When no response is detected, the paging unit next transmits a page message 
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on the frequency corresponding to hop 1, and then listens for a response on a 
corresponding frequency specified by hop m + 1 . During each listening interval, 
the paging unit routes any received signal to the correlator which is initialized 
with the response code. When the correlator 400 in the paging unit triggers, the 
paging unit knows that the intended recipient has received the page message and 
firom that point both units are effectively in hop synchrony. From then on, 
communication between the units is no longer restricted to the reduced set of hop 
frequencies used for paging; instead, all the hop channels can be used. 
Furthermore, DS spreading need no longer be employed, since the use of the full 
set of hop frequencies will be adequate to provide the processing gain set by the 
applicable standard. 

In the previous discussion, the hybrid FH/DS mode was used during die 
starmp procedure. However, in accordance with another aspect of the invention, 
the hybrid mode can also be used in oUier procedures where only a low or 
moderate signaling rate is required while there is a preference for the reduction of 
the number of channels to hop over. 

To summarize, then, the access delay in a FH system during start up can 
be decreased by reducing the number of frequencies used. However, this will also 
reduce the processing gain. In certain frequency bands, such as the ISM band at 
2.4 GHz, decreasing the number of hop frequencies below a certain minimum is 
not permitted. In order to decrease the number of frequencies but retain the 
required processing gain, direct-sequence spreading is added to the system, thus 
resulting in a hybrid FH/DS system. However, in some embodiments, the DS 
spreading is used only during startup for the purpose of temporarily reducing the 
number of hop frequencies. After startup, the synchronization has been 
established and a large amount of hop channels can be used. Therefore, after 
startup, the DS spreading can be removed since all processing gain can be 
obtained from the FH spreading. Since the data rate during startup can be rather 
low (only signaling is required), no high speed circuitry is needed for the DS 
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processing. Preferably, the chip rate of the DS spreading at startup is equal to the 
bit rate used during the connection. Since the signaling rate during startup is 
much smaller than the chip rate, a processing gain is obtained. 
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WHAT IS CLAIMED IS: 

1. A radio system comprising: 

means for employing a hybrid frequency hopping/direct sequence spread- 
spectrum transmission mode of communication during startup of a connection; and 

means for employing a pure frequency hopping spread-spectrum 
transmission mode of communication during a connected mode of the connection. 

2. The radio system of claim 1 , wherein the means for employing the hybrid 
frequency hopping/direct sequence spread-spectrum fransmission mode of 
communication during startup of the connection utilizes a chip rate that is identical 
to a bit transmission rate used by the pure frequency hopping spread-spectrum 
transmission mode of communication. 

3. The radio system of claun 1, wherein the means for employing the hybrid 
frequency hopping/direct sequence spread-spectrum fransmission mode of 
communication during startup of the connection mcludes means for transmitting a 
page message that comprises a fixed chip sequence that is unique to a radio unit 
being paged. 

4. The radio system of claim 3, wherein a chip rate of the page message is 
identical to a bit rate used during the pure frequency hopping spread-specfrum 
transmission mode of communication. 

5. The radio system of claim 1, wherein the means for employing the hybrid 
frequency hopping/direct sequence spread-spectrum fransmission mode of 
communication during startup of the connection includes means for fransmitting a 
page message that comprises a fixed chip sequence that is common to all radio 
imits in the radio system. 
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6. The radio system according claim 5, wherein a chip rate of the page 
message is identical to a bit rate used during the pure frequency hopping spread- 
spectrum transmission mode of communication. 

7. The radio system of claim 1, further comprising a sliding correlator for 
5 despreading a page message that is transmitted during startup of the connection. 

8. The radio system of claim 7, wherein the sliding correlator is implemented 
as a tapped delay line. 

9. The radio system of claim 1, wherein a processing gain of the hybrid 
frequency hopping/direct sequence spread-spectrum transmission mode of 

10 communication equals or exceeds 17 dB. 

10. The radio system of claim 1, wherein a hop rate utilized by a paging unit 
operating in the hybrid frequency hopping/durect sequence spread-spectrum , 
transmission mode of communication is a multiple of a hop rate utilized by the 
pure frequency hopping spread-spectrum transmission mode of communication. 

15 11. The radio system of claim 1 , wherein a hop sequence for use by the pure 
frequency hopping spread-spectrum transmission mode of communication 
comprises at least 75 hop frequencies. 

12. The radio system of claim 1, wherein a first hop sequence for use by the 
hybrid frequency hopping/direct sequence spread-spectrum transmission mode of 
20 communication consists of fewer hop frequencies than are defined by a second hop 
sequence for use by the pure frequency hopping spread-spectrum transmission 
mode of communication. 
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13. radio system of ctahn 12. wherein U,e hybrid frequency hoppir^d^e 
-quenee spre^J-specm™, .ra:.n,ssion mo6. „,co™„,u«icatto„ has a phasing 
gain that equals or just exceeds 17 dB. 

14. An apparatus comprising: 

n,eam for en,p,oyi„g a hybrid fteqoency hopping/direc, sequ«,c. spread- 
speanm. mode of coimnmieation di,ri«g a fire, mode of operation on a 

connection; and 

means for employing a pure frequency hopping spread-specrum mode of 
communication durtog a second mode of operadon of the com«c,ion. 

wherem a first hop sequence for use by die hybrid frequency 
hoppirtg/direc. sequence spread-spean.m mode of communicadon consists of 
fewer hop frequencies than are defmed by a second hop sequence for use by the 
pure frequency hopping spread-i,»ctimn mode of communication. 

15. A mett,«l of operating a transceiver to a mdio system, comprismg dre 

Steps of: 

employing a hybrid frequency hopping/direct sequence spread-spectrum 
transmission mode of commmiication during startup of a comiection; and 

employing a pure frequency hopping spread-spectrum transmission mode 
of communication during a connected mode of the comiection. 

16. The method of claim 15, wherein the step of employing the hybrid 
frequency hopping/direct sequence spread-spectrum transmission mode of 
communication during startup of the comaection comprises utilizing a chip rate that 
xs Identical to a bit transmission rate used by the pure frequency hopping spread- 
spectrum transmission mode of communication. 



wo 99/60718 PCT/SE99/00835 



-17- 

17. The method of claim 15, wherein the step of employing the hybrid 
frequency hopping/direct sequence spread-spectrum transmission mode of 
communication during startup of the connection includes transmitting a page 
message that comprises a fixed chip sequence that is unique to a radio unit being 

5 paged. 

18. The method of claim 17, wherein a chip rate of the page message is 
identical to a bit rate used during the pure frequency hopping spread-spectrum 
transmission mode of communication. 

19. The method of claim 15, wherein the step of employing the hybrid 
10 frequency hopping/direct sequence spread-spectrum transmission mode of 

communication during startup of the connection includes transmitting a page 
message that comprises a fixed chip sequence that is common to all radio units in 
the radio system. 

20. The method of claim 19, wherein a chip rate of the page message is 

15 identical to a bit rate used during the pure frequency hopping spread-spectrum 
transmission mode of communication. 

21. The method of claim 15, further comprising the step of using a sliding 
correlator to despread a page message that is transmitted during startup of the 
connection. 

20 22. The method of claim 21 , wherein the sliding correlator is implemented as a 
tapped delay line. 
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23. 



■^^■™*«'<>f'=latol5.wheremaproces.u,gg3i„„fu,ehybridfreque„cy 
lK.pp.ng/dixec, sequence spread-specmm. Tansnnssio. ...ode of con»,„„ica.i„„ 
equals or exceeds 17 dB. 

24. The method of claim 15, wherein: 

the step of employing the hybrid frequency hopping/direct sequence 
spread-spectrum transmission mode of communication during startup of the 
connection utilizes a first hop rate; 

the step of employing the pure frequency hopping spread-spectrum 
transmission mode of communication during a connected mode of the comiection 
uses a second hop rate; and 

the first hop rate is a multiple of the second hop rate. 

25. The method of claim 15, wherein the step of employing the pure frequency 
hoppmg spread-spectrum transmission mode of communication during a comiected 
mode of the connection uses a hop sequence that comprises at least 75 hop 
frequencies. 

26. The method of claim 15, wherein: 

the step of employing the hybrid frequency hopping/direct sequence 
spread-spectrum transmission mode of communication during startup of the 
connection utilizes a first hop sequence; 

the step of employing the pure frequency hopping spread-spectrum 
transmission mode of communication during a connected mode of the comiection 
uses a second hop sequence; and 

the first hop sequence consists of fewer hop frequencies than are defined 
by the second hop sequence. 
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27. The method of claim 26, wherein the hybrid frequency hopping/direct 
sequence spread-spectrum transmission mode of communication has a processing 
gain that equals or just exceeds 17 dB. 

28. A method of operating a transceiver in a radio system, comprising the 
5 steps of: 

employing a hybrid frequency hopping/direct sequence spread-spectrum 
mode of communication during a first mode of operation on a connection; and 

employing a pure frequency hopping spread-spectrum mode of 
communication during a second mode of operation of the connection, 
10 wherein a first hop sequence for use by the hybrid frequency 

hopping/direct sequence spread-spectrum mode of communication consists of 
fewer hop frequencies than are defined by a second hop sequence for use by the 
pure frequency hopping spread-spectrum mode of communication. 
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